Investigations were carried out by Tucker's Audiometer, in which a pure note, electrically produced, is reduced by means of resistances until it ceases to be heard. Thirty cases of middle-ear deafness with paracusis were investigated. In two there was absolute paracusis, the sound being better heard with disturbing noise. In sixteen (relative paracusis) there was little diminution in bearing power in the presence of a disturbing sound. In twelve the hearing was apparently improved in the presence of a disturbing sound in the oppQsite ear (crossed paracusis). We have found no previous description of this last condition, and venture no suggestions as to its significance.
HISTORY. THE phenomenon shown by some cases of middle-ear deafness-that of hearing the conversational voice better in a noise was first observed by Willis in 1680.
During the last half century various explanations of the phenomenon bave been put forward, e.g., that it is due:
(a) To a general shaking up of the ossicular chain when the joints are in a state of partial ankylosis, or a toning up of the ossicular muscles when there is a condition of undue laxity of the tympanic membrane. This was suggested by Politzer, who found that any gross vibration applied to the bones of the head produced a similar effect.
(b) To the production of increased irritability of the acoustic nerve-(Lowenberg and Urbantschitsch).
(c) To the fact that the disturbing noise is usually of low pitch, and therefore in these cases is not so well heard by the patient, while the observer, if normal, subconsciously raises his voice (Siebenmann and Von Trdltsch).
METHOD OF TESTING. The instrument employed is that already described to the Section on ;October 20, 1922, by Major Tucker and one of us. Briefly to recapitulate its main points :-It is a form of wireless oscillator, with a basic note of 520 double vibr'tions. By means of a variable condenser a pure note can be produced, the pitch of which can be increased by small amounts and made to vary from 270 double vibrations up to the upper limit of normal hearing.
By means of a Wheatstone's bridge the strength of the signal can be varied from zero to its maximum intensity by throwing in on one side of the bridge a resistance varying from 1,000 to 10,000 obms. From the bridge the sound is conducted to one of a pair of telephone receivers in a silence cabinet. Where a disturbing sound is used it is derived from an electrically-operated unloaded tuning fork-seventy-two double vibrations-from which the sound is electrically conducted to the headphones and can be conveyed to either receiver. In the following experiments the note used from the audiometer was 728 double vibrations.
The reading given by the audiometer is the amount of electric current (given in arbitrary units) which has to pass through the telephone in order to render the F-OTOL 1 sound just audible to the person being tested. If the current is increased the sound is clearly increased also, but wo cannot say that a given increase in current represents, in all the cases, the same relative increase in sound as perceived by the patient.
DIFFICULTIES IN CARRYING OUT THE TEST-THE PERSONAL FACTOR. (a) As the test sound becomes less audible to the person tested, his signals tend to become less definite and certain.
(b) Auditory 1ntelligence.-The patient's response to the signal in some cases varies within wide limits, a fact which can only be explained by his lack of ability to keep his attention fixed on the test.
(c) After a preliminary brief test the patient's ability to hear the signal is usually improved as his hearing becomes attuned to the note, but if the test is continued for any length of time, power of attention becomes fatigued, and it is possible that the auditory nerve also shares in this fatigue.
(d) A true end-point is difficult to obtain in some cases with marked tinnitus.
RESULTS.
In a number of normal ears tested, the threshold was reached with one unit of current. When the disturbing noise was transmitted to the same ear, the threshold was raised to 180 to 200. units. With the disturbing noise transmitted to the opposite ear, the threshold either remained the same, i.e., 1 unit, or was raised by one unit.
In the following series sixty-two cases of varying types of deafness were examined (see table) .
INTERNAL EAR DEAFNESS.
Only two cases of slight internal ear deafness were studied. Both showed a, raised threshold for 728 double vibrations wbich was markedly increased with the disturbing noise transmitted to the same ear, and showed, in one case, no increase in the threshold with the disturbing noise in the opposite ear, in the other, an increase of one unit.
In one case the upper limit showed very slight reduction in the right-or betterear, and reduction to 3,200 double vibrations in the left ear.
In the other case the upper limit was reduced to 3,000 in the right ear and appreciably reduced in the left.
MIDDLE-EAR DEAFNESS WITHOUT PARACUSIS.
Thirty of the cases tested showed varying degrees of middle-ear or mixed deafness and showed no other abnormality when tested with the disturbing sound.
They required at least 200 units increase in strength of signal when the disturbing noise was introduced into the same ear. Frequently a much greater increase was required. With the noise in the opposite ear the signal usually required to be increased to a greater extent than normal.
The majority of these cases showed a lowering of the upper limit, indicating secondary cochlear change.
One would have expected to find that the cases requiring the most considerable increase in strength of signal to make it heard in the presence of the disturbing noise would be those which showed most lowering of the upper tone limit, but this was not the -ea, and we were able to discover no correlation between the two.
ABSOLUTE PARACUSIS.
Only two cases actually showed the condition of absolute paracusis, that is, the patient heard the test signal better when the disturbing noise was added.
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In one of these, the auditory intelligence of the patient was of a high standard and she heard the signal at less than 150 units; although her threshold without it was 170 units.
This was a patient' suffering from otosclerosis, kindly referred to us by Mr. Cleminson, and the case is of further interest in that during the past two years it has been the only case observed by Mr. Cleminson and ourselves to show prolonged bone conduction for C512 by the Bing test, although the bone conduction for the higher notes is diminished. RELATIVE PARACUSIS.
This condition, that is, one in which the patient does not require such a great increase of current as is normal in order to hear the signal with the disturbing noise in the same ear, was shown by 16 patients. The amount of increase in sound necessarily varied in different cases, and in one case of moderate deafness the'signal was heard at an intensity below that required for a normal hearing person. Threshold K (normal P). Threshold with disturbing noise " 2 (normal W).
CROSSED PARACUSIS.
We have used this term to describe a group of.12 cases showing a phenomenon which, to the best of our knowledge, has not hitherto been described, namely, that when the disturbing noise is transmitted to the opposite ear the patient actually hears the signal in the ear which is being tested better than when the signal alone is used. In one half of the cases this condition is found in the better hearing ear, in the other half in the worse ear. Three of these patients also show relative paracusis with the disturbing noise in the ear being tested.
In most of the cases the lowering of the threshold is small but definite. In one case, however, it is lowered from 525 units to 240, and in another from 240 to 175 units.
The patients show the condition on repeated testing, not only on the same day but at intervals of six weeks, and also sho.w it on testing with signals of 1,000 and 1,500 double vibrations.
We have sought for a possible explanation of this in our method of testing, but have been unable to find one. We found that, after testing with the disturbing noise, the patient's hearing in some instances was temporarily increased for the acoumeter, and the suggestion was made that as one usually first tested the ear for paracusis with the disturbing noise in the same ear, this might produce a "Zund Burguet" effect on this ear and temporarily increase its hearing power. We have, however, eliminated this possibility by testing with the disturbing sound transmitted to the opposite ear first of all, and have obtained similar results.
We believe that the felt pads on the ear-phones used, effectually deaden all vibrations of sufficient strength to be transmitted to the other ear by way of bones of the skull.
When the disturbing noise is stopped, the threshold is again raised. We can offer, at present, no explanation for this phenomenon. (1) The normal-hearing person and patients suffering from internal ear deafness require a considerable increase in the strength of the signal to hear if in the presence of a noise.
(2) The number of patients who actually hear better in a noise would appear to be small.
(3) A considerable proportion of deaf people do not require as great an increase in strength of signal in the presence of a noise as do normal people, and, therefore, their disability will appear proportionately less.
(4) Some patients, in the presence of a noise in one ear, hear the test-sound better in the other.
Discua98ion.-Dr. S. A. TUCKER said the apparatus referred to by Mr. Somerville Hastings was designed five years ago. The production of such apparatus had made great progress in the last two or three years; the work was being done on an intensive scale in America.
If the telephone was accepted as a means of conveying sound to the ear, then apparatus of this class would have to be used. At present the oscillating currents generating the sound on the telephone were so produced that their magnitude was the same for all frequencies.
That quality was not possessed by this apparatus by which sound vibrations of frequency, 512 and 1,000 per second, could not be compared. But that did not affect this particular paper.
The oscillating current producing the response was generated in the telephone, but the current was distorted by that -instrument. The telephone lent itself very little to accurate mathematical treatment, and unless a good one, and the same one was used throughout, results could not be constant. However, for the period over which Mr. Somerville Hastings had been working it could be said that the telephones were giving the same signal under the same conditions. If, in acoustic research, a standard source of sound was arrived at, the apparatus used by Mr. Hastings could be compared with it, 'and the present qualitative values of the signals could be converted to quantitative ones.
It was important to remember that the speaker devised this apparatus, not for Mr. Somerville Hastings, but for testing auditory acuity, and there the difficulties were even greater. It had to be ensured that the source of sound was not vitiated by reflections. If the sounds were transferred from the telephone to the loud speaker, and the patient placed successively in different parts of the room, different effects would be produced; if the patient, moved his head, even slightly, when pure sounds were being used, the results would be vitiated. In the speaker's laboratory a number of people were present during the production of pure sounds, the movement of one person-not the person being tested-had upset the whole wave system. This ruled out the loud speaker, and therefore the tuning fork also. That was why the telephone was adopted.
The disturbing sound produced by a tuning fork, actuated by electro-magnetic means, was put into the telephone by induction. It was fairly well controlled and had a frequency of seventy-two double vibrations per second.
Mr. G. J. JENKINS said that this research supported the clinical experiences of otologists. He had found that some paracusis patients could hear not only better, but also better than the ordinary person in a noisy place. One was familiar with the patient who heard conversations not meant for him to hear in railway carriages.
Sir JAMES DUNDAS-GRANT said many had doubted whether genuine paracusis existed. Mr. Hastings had now apparently proved, however, that it did, but it was rare. He (the speaker was sometimes sceptical about it. A patient had come to him with her mother for a consultation, and he had used the mother's voice in testing the daughter's hearing, the two standing back to back. He had placed a noise machine on the patient's head, but she heard no better. He then placed the machine on the mother's head, and at once the patient heard better I He thought the necessary conditions for paracusis were that the lower range of hearing should be considerably raised, i.e., there must be deafness to a large range of low tones. In some cases, as the patient improved, and to hear low tones better, paracusis disappear'ed.
A patient having paracusis had said that she heard her dog's footsteps better in the midst of a noise than in quiet, and there was no question that this case was one of genuine paracusis.
The test tone in Mr. Hastings' experiments was 760 vibrations a second, and the speaker suggested the use of gramophone speech, which would not raise its voice in the midst of a noise. Advantage should be taken of the facilities offered by the Ferens Institute.
Another method of test would be to vary the character of the aisturbing noise. With the seventy-two vibration noise there was an intentional admixture of other sounds, but if higher primal tones were tried as the. disturbing sound, and their effects compared with those of deep tones, it might add to the value of this investigation A paracusic person heard better in a noisy railway carriage, and heard better still when a vibrating machine was pressed against his spine.
Mr. A. LOWNDES YATES said he had had a somewhat similar apparatus for generating sound-waves in occasional use for the last five years. The loud speaker, although it had disadvantages, possessed some advantages over the telephone. The hearing was at maximum only when the malleus was touching the incus. There was evidence that if these were not in contact the sound heard was considerably diminished. If a telephone was used and pressed closely to the ear, it rarefied the air in the external meatus. The greater movement of the malleus so produced, and the shorter time of contact of the malleus with the incus, made it necessary to employ a sound of greater intensity to produce paracusis than if the loud speaker was employed.
Dr. ALBERT A. GRAY said it was along these lines that the proposed investigation of otosclerosis should be carried out.
He felt that paracusis had a real existence; some had denied it, but it had now been proved.
He asked whether Mr. Hastings found that any of his patients had otosclerosis paradoxica; i.e., cases in which occasionally it was not another noise which made them hear better, but other circumstances. Some time ago he (Dr. Gray) had read before the Section a paper mentioning cases in wbich persons suddenly felt faint, and he knew of a woman who, during the last two or three. months of her pregnancy, had heard better than at any normal time, though she had been expected to hear worse. Mr. Mollison had recorded a similar case in which the same occurred. In each of those cases of otosclerosis paradoxica there was ordinary paracusis Willisii; he had not come across an exception to that combination.
He wished strongly to emphasize what Sir James Dundas-Grant said about the pitch of the disturbing sound. The speaker suspected that the pitch of that sound must be fairly low. He had never heard of high-pitched shrieking sounds causing improvement in the hearing; it was such sounds as boiler-making and the low hum of street traffic which did this. In a paper read on his behalf at the Edinburgh meeting of the British Medical Association, he had suggested a possible explanation of paracusis. It was, that probably there was present a degenerative change in the auditory nerve (as well as changes in the bone), and particularly in the medullary sheath, which enabled the nerve stimuli to pass from one nerve to another.
When the medullary sheath uniderwent degeneration the axis-cylinder-was no longer insulated, and the stimuli might pass from one nerve fibre to another, and when they came to the synapses of the nerves, the resistance there was too great to be overcome by them. When, however, the disturbing noise was added, the synaptic opposition was overcome, and the noise was heard. If that idea were extended to the cochlea, it might furnish an explanation. The organ of Corti was probably much fatigued in the disturbed ear, whereas in the ear which was not undergoing the disturbing sound, fatigue was not present to anything like the same extent.
Mr. SYDNEY SCOTT said he would like to hear more about pitch of the, disturbing sound. At the invitation of the Western Telegraph Company, he had tried, a few years ago, at their laboratories in London, to ascertain whether paracusis could be produced by disturbing sounds of very high pitch, but the high tones completely failed to do so in people who-were known to have paracusis. A vocation might now be open at New Scotland Yard to deaf patients having paracusis.
Mr. SOMERVILLE HASTINGS (in reply) said that all the cases which had shown paracusis, either absolute, relative or crossed, had also shown a raising of the lower tone limit. In every case testing was done with tuning forks, and none of them heard the lower tones. He agreed that testing should be done with disturbing noises of different pitches; but it must be remembered that this unloaded tuning fork, though giving 72 double vibrations per second, was at the same time producing harmonics, and therefore higher actual notes.
Dr. Gray's remarks had been particularly interesting, for he had suggested the only plausible explanation of crossed paracusis that he (the speaker) had heard. There was no history given in his cases of otosclerosis paradoxica. Some of the results were found to be extraordinarily constant, and some cases were examined seven or eight times, at valrying intervals, and the results were the same. These were cases of what he designated as high auditory intelligence. The less constant results were usually found in people of lower mental capacity.
He had not had experience of the loud speaker in this connexion. The apparatus he and his colleague had used seemed of value in investigating paracusis.
Posterior ( At the time when my article appeared,' many other otologists had been moving in the same direction, for, as a glance over the antecedent otological literature will show, it was becoming more and more frequently the practice to open the mastoid antrum at a much earlier stage of manifest mastoiditis than had formerly been the custom. Furthermore, the notable success of mastoid drainage, not only as regards mastoid disease, but also, and this is significant from the present point of view, as regards middle-ear suppuration, was leading operators to ask whether early mastoid drainage of the middle ear itself, even when mastoiditis is not manifest, might not cure a purulent otitis in which simple meatal drainage had failed.
Indeed, to otologists of to-day it seems scarcely credible that Politzer, in performing the Schwartze operation, avoided opening the antrum altogether, unless he was convinced that its bony walls were actively diseased. Posterior drainage of the antro-tympanic cavity, in spite of its being the focus of the disturbance, made no appeal to him whatever. Further, he expressly states that he had found early operation in manifest mastoiditis to be followed by a slow convalescence. He, therefore, would not operate earlier than the eighth day of the mastoid complication, except when rigors or meningeal signs were present.
For anyone to take up a position opposed to such a clinician as Politzer seems to be bold, if not rash. Yet most of us open the mastoid antrum as a regular and even an essential step in the operation, and do we not all nowadays operate as soon as the diagnosis of mastoiditis is made, and claim that cases operated on early recover more rapidly than those not operated on until late ?
Since the appearance of my paper I have operated on many advanced cases, but I have also operated upon ten cases in which there were no overt signs of mastoid involvement at all, and on twenty-one in which the only sign present consisted in tenderness on hard pressure over the mastoid process.
In the first stages of acute suppuration of the middle ear, and sometimes later, the bone and cells of the mastoid, close to and including the antrum, show definite
